Abstract. Erlotinib is one of the treatment choices for patients with advanced non-small cell lung cancer (NSCLC), regardless of the epidermal growth factor receptor (EGFR) mutation status. However, its efficacy for the treatment of patients with NSCLC with EGFR wild type or who are beyond the usage of gefitinib remains controversial. The present study therefore retrospectively assessed the efficacy of erlotinib in patients with wild type EGFR who had previously undergone gefitinib therapy. A total of 222 patients with NSCLC who received chemotherapeutic treatment with erlotinib between July 2007 and February 2013 were evaluated. The background variables, response rates, progression-free survival (PFS) and overall survival rates were retrospectively analyzed. The male/female ratio of patients was 103/119, and patients had a median age of 63 years (range, 33-95 years). A total of 10 of the 222 patients had clinical stages IIIB/IV, 191 had adenocarcinoma, 5 had large cell carcinoma, 10 had squamous cell carcinoma and 6 had NSCLC of a variety not otherwise specified. The EGFR mutation was positive, wild type or unknown in 95, 52 and 75 patients, respectively. In the 52 patients with EGFR wild type, there were 3 partial responders, 25 with stable disease and 24 with progressive disease, for a response rate of 6% [95% confidence interval (CI), 1.3-15%]. The median PFS of EGFR wild type and positive were 1.1 months (95% CI, 1.04-1.16 months) and 5.42 months (95% CI, 5.43-5.68 months), respectively. The results of the study demonstrated that erlotinib is not sufficiently effective for patients with NSCLC who possess the EGFR wild type status.
Introduction
Lung cancer remains the leading cause of malignancy-associated mortality worldwide (1) . Non-small cell lung cancer (NSCLC) comprises ~80% of all cases, and the majority of patients present with locally advanced or metastatic disease (2) . Systemic chemotherapy (with or without bevacizumab) or tyrosine kinase inhibitor (TKI) therapy currently represent the primary treatment options for prolonging a patient's survival rate and improving their quality of life (3) (4) (5) (6) . At present, the standard first-line chemotherapy for unselected advanced NSCLC is platinum doublet regimens using a third-generation anti-cancer agent (7, 8) .
Erlotinib, a small molecule inhibitor of the intracellular tyrosine kinase of epidermal growth factor receptor (EGFR), has been approved as second-line therapy for patients with advanced NSCLC in numerous countries. A phase III trial (the BR.21 trial) demonstrated that unselected patients with advanced NSCLC, progressing subsequent to first-line chemotherapy, gained a survival benefit when treated with erlotinib compared with best supportive care (9) . At the start of BR. 21 , EGFR mutations in NSCLC had not yet been identified; therefore, the study included molecularly unselected patients. The discovery and characterization of EGFR mutations in 2004 was a key example of oncogene addiction, associated with a high efficacy of biomarker-driven treatment (10) (11) (12) . As a result, EGFR TKIs are currently the treatment of choice for patients with EGFR mutations. Several phase III studies have demonstrated that erlotinib and gefitinib are superior to chemotherapy in first-line treatment, but only in EGFR-mutated patients (5, (13) (14) (15) . The value of erlotinib as a second-line and third-line treatment of patients with wild type or unknown EGFR mutation status remains controversial.
In previous years, the Tarceva Italian Lung Optimization (TAILOR) phase III trial demonstrated that chemotherapy was more effective compared with erlotinib for second-line treatment for previously treated patients with NSCLC who possess wild type EGFR tumors (16) . The present study was undertaken to evaluate the efficacy of erlotinib in second-line or more advanced NSCLC, in particular for patients with EGFR wild type status and who received pretreatment with gefitinib.
Patients and methods

Patients.
A total of 222 patients with NSCLC received erlotinib treatment as a first-line or further chemotherapy at the National Kyushu Cancer Center (Fukuoka, Japan) between July 2007 and the end of February 2013. Erlotinib therapy was applied for patients who satisfied all the following requirements: Age ≥20 years; pathologically or cytologically diagnosed as exhibiting NSCLC; clinical stage III or IV disease (including IIIA, non-applicable for radical radiotherapy) according to the seventh edition of the 'tumor, node, metastasis' classification of lung cancer (17) ; presenting evaluable lesions (cases without measurable lesions were acceptable); freedom from severe disorders in major organs (bone marrow, heart, lungs, liver and kidneys); without interstitial lung disease (ILD); and laboratory test data at the commencement of treatment indicating a neutrophil count ≥2,000 cells/mm 3 and alanine aminotransferase (normal range 10-42 IU/l) levels ≤100 IU/l, a total bilirubin level ≤1.5 mg/dl (normal range, 0.4-1.5 mg/dl), a serum creatinine level ≤1.2 mg/dl (normal range, 0.65-1.07 mg/dl) and a peripheral O 2 saturation level of ≥90% (normal range, ≥90%). Treatment was provided subsequent to each patient providing written consent on the basis of receiving sufficient information regarding the treatment plan. All patients signed a consent form prior to entry to the study. The present study was approved by the National Kyushu Cancer Center Local Research Ethics Committee.
Treatment and study design. Eligible patients received oral erlotinib at a dose of 150 mg/day until disease progression (PD) or unacceptable toxicity. Dose reductions (in 50-mg decrements) were permitted to manage adverse events associated with erlotinib treatment. If a patient had a confirmed diagnosis of ILD, erlotinib was discontinued immediately.
Evaluation of the response and statistical analysis. Prior to the start of erlotinib therapy, diagnostic imaging with computed tomography scanning was performed to yield baseline information. Tumor response evaluation was scheduled every 6 weeks. Responses to treatment were evaluated using the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 (18) . The progression free survival (PFS) was defined as the time from the start of treatment to PD or mortality. The overall survival (OS) was defined as the time from the start of treatment to mortality. The follow-up period concluded on May 31, 2013 for patients either still receiving treatment or beginning to receive the next treatment.
Statistical analysis. Survival curves were produced using the Kaplan-Meier method. Data were expressed as means ± standard deviation. Univariate analysis was initially undertaken, followed by Cox's multivariate analysis that included all variables with a significance level of P<0.05, to identify variables associated with a risk of mortality. Analysis of linear correlation was used to evaluate the correlation between two variables; analysis of variance with Dixon's Q-test was used to compare multiple variables. Two-sided P<0.05 was considered to indicate a statistically significant difference. Statistics were produced using StatView version 5.0 (SAS Institute Inc., Cary, NC, USA). Response and survival analysis of all patients. The efficacy was evaluated by each attending physician in accordance with the RECIST criteria, version 1.1. Among the 222 patients who received erlotinib therapy, the best overall response was a partial response (PR) in 31 patients, stable disease (SD) in 101 patients and progressive disease (PD) in 90 patients. The best response rate (RR) of all patients was 14% [95% confidence interval (CI), 10.0-19.1%]. The median PFS and OS were 2.14 months (95% CI, 2.09-2.16 months) and 8.87 months (95% CI, 8.65-9.61 months), respectively. In a subset analysis, the PFS of EGFR wild type and unknown status were 1.08 months and 1.48 months, respectively, whereas the PFS of EGFR active mutation was 5.29 months (Fig. 1) .
Results
Patient characteristics.
Analysis of the RR according to the EGFR mutation status.
According to the RECIST criteria, the RR of 95 patients with an EGFR mutation was 25% (24/43/28, PR/SD/PD; 95% CI, 15-34%). Conversely, the RR of 52 EGFR wild type and 75 unknown patients were 6% (3/25/24, PR/SD/PD; 95% CI, 1.3-15%) and 5% (4/33/38, PR/SD/PD; 95% CI, 2.1-13%), respectively (Table II) .
Univariate and multivariate survival analyses. To rule out potential cofounding interaction between efficacy and other factors, the present study performed univariate and multivariate analyses of the PFS. Kaplan-Meier analyses compared by the log-rank test were used to calculate the effect of the clinicopathological factors on the PFS (Table III) Association between the PFS and prior gefitinib therapy. Of the 222 patients treated with erlotinib, 91 patients previously received gefitinib. To evaluate the potential cofounding interaction between erlotinib and previous gefitinib therapy, the present study performed univariate and multivariate analyses of the PFS (Table III) . A univariate analysis demonstrated that non-adenocarcinoma (HR 4.78; P= 0.035) and poor response of gefitinib (HR 2.27; P= 0.014) significantly predicted a decreased PFS. However, the multivariate analysis identified no association between the characteristics and the PFS of erlotinib. Furthermore, as it was speculated that a response to erlotinib treatment may be associated with a long interval of a previous gefitinib therapy or a long duration from erlotinib to gefitinib therapy, the present study investigated the impact of a long disease control interval on the survival outcome among patients treated with gefitinib who achieved ≥12 months PFS (Table IV) . However, no significant correlation was detected between previous gefitinib therapy and the PFS of erlotinib therapy (Fig. 2) .
Discussion
At present, several EGFR TKIs are commercially available for patients with EGFR mutations: Gefitinib, erlotinib and afatinib (20) . Erlotinib, an orally available EGFR TKI, has proven to be effective as a second-or third-line treatment for patients with NSCLC, regardless of the EGFR mutation status (9) . Additionally, maintenance therapy with erlotinib for patients with NSCLC is well-tolerated and significantly prolongs the PFS compared with placebo (21). In these trials, subgroup analyses of the PFS according to the clinical characteristics also suggested an improved PFS with erlotinib treatment compared with the placebo; this benefit was observed irrespective of histology and EGFR mutation status. However, erlotinib was compared with BCS or placebo for unselected patients with NSCLC, which included patients with wild type Table II . Subset analysis of the EGFR mutation status. EGFR in the BR.21 and Sequential Tarceva in Unresectable NSCLC trials (9, 21) . As the benefit of EGFR TKIs varies widely between patients with EGFR mutations and those with wild type EGFR, it is crucial to establish which second-or third-line treatment is preferable, particularly for patients with wild type EGFR (22) . The TAILOR phase III trial, conducted to compare erlotinib with docetaxel in patients who failed first-line platinum-based chemotherapy and who had EGFR wild type, demonstrated that chemotherapy was more effective compared with erlotinib for the second-line treatment for previously treated patients with NSCLC with EGFR wild type (16) . Erlotinib had low efficacy for patients with wild type EGFR compared with patients who had EGFR active mutations. In addition, the effectiveness of erlotinib subsequent to gefitinib therapy remains controversial.
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The present study analyzed the characteristics of 222 patients according to the response to erlotinib. The multivariate analysis revealed that the EGFR mutation status (with active mutation) was only associated with a longer PFS and good response to erlotinib treatment. Patients with wild type EGFR or unknown status had a poor PFS (1.1 and 1.5 months, respectively) and RR (6 and 5%, respectively). Similarly, the TAILOR phase III trial, which compared erlotinib with standard chemotherapy in patients with wild type EGFR as second-line chemotherapy, demonstrated that the RR of erlotinib in wild type EGFR patients was 3-5.6%, whereas that of standard chemotherapy was 10.3-20% (16) . In addition, a randomized phase III trial (Docetaxel and Erlotinib Lung cancer trial) of erlotinib vs. docetaxel in Japanese patients with advanced NSCLC who had an EGFR wild type status demonstrated the poor effectiveness of erlotinib as a second or third-line therapy. The RR of chemotherapy for patients with NSCLC as a second-line therapy was 7.1-22.7% (23) (24) (25) . The present study therefore considered erlotinib to be invalid for patients with NSCLC with wild type EGFR as a second or third-line therapy.
The current study analyzed the characteristics of 95 patients according to the response and interval time on erlotinib subsequent to gefitinib failure. In these patients, a significantly altered response following erlotinib therapy was observed in patients who had exhibited SD for a long period of time during gefitinib treatment. Thus, it appeared that erlotinib is a potential therapeutic option for the treatment of patients with advanced NSCLC with wild type EGFR who had SD while receiving gefitinib, as previously suggested (26) . However, there was no association between the erlotinib and gefitinib treatments. The predictive factor of erlotinib subsequent to gefitinib therapy was associated with the EGFR mutation status alone.
Although the PFS was markedly improved with EGFR TKI treatment compared with chemotherapy in such EGFR mutated patients, patients who had initially responded to EGFR TKI treatment eventually relapsed (27) . This acquired resistance to EGFR TKI treatment may be linked to a number of molecular mechanisms, including secondary mutations in the EGFR gene coding for the intracellular kinase domain of this receptor, a T790M mutation and other factors, including MET amplification and hepatocyte growth factor overexpression (28) (29) (30) . Thus, oncologists may consider a repeat biopsy prior to retreatment with EGFR TKI subsequent to the initial EGFR TKI failure.
In conclusion, the efficacy of erlotinib therapy was closely associated with the EGFR mutation status. Erlotinib treatment is therefore considered to be limited for patients with NSCLC with EGFR mutations, at least as a second or third-line therapy.
